Hepatic artery Gastroduodenal artery Right inferior phrenic artery Common hepatic artery absence a b s t r a c t Knowledge of the vascular anatomy of the upper abdomen is important in the daily practice of surgeons specialized in the hepatobiliary and pancreatic area, and for general surgeons and radiologists, mainly those involved in interventional radiology. Since anatomical variants of the celiac axis and hepatic arteries are common, an accurate description of vascularization is required before procedures to avoid iatrogenic vascular changes. We reported a case of a young male patient with HBV related cirrhosis, who came to our institution for the treatment of 2 HCC nodules. The preprocedural contrast-enhanced CT examination showed combined variations of celiac trunk, hepatic arteries, gastroduodenal artery, and right inferior phrenic artery. The careful pre-and intraprocedural evaluation of vascularization allowed us to perform transarterial chemoembolization of the 2 nodules without complications. The incidence and developmental and clinical significance of this variation is discussed with a detailed review of the literature. Knowledge of such a case has important clinical significance in abdominal operations or invasive arterial procedures.
Introduction
The first anatomical description of celiac trunk trifurcation and of hepatic artery (HA) was made by Albert Haller in 1756 [1] .
Subsequently several anatomical variants were described in literature [2] [3] [4] .
Michels in 1966 provided a first classification of the 10 most common variants of arterial blood supply to the liver [4] , which was simplified, in 1994, into 6 variants by Hiatt et al [5] .
The knowledge of these variants is fundamental especially for surgeons and interventional radiologists who perform procedures in the hepatobiliary and pancreatic area.
We report a rare case of combined variations of celiac trunk, hepatic arteries, gastrodudenal artery, and right inferior phrenic artery (RIPA). A 23- year-old patient from Senegal, followed by the infectious diseases department for newly diagnosed liver Hepatitis B virus (HBV) related cirrhosis was presented to a multidisciplinary team of hepatologists, surgeons, and interventional radiologists after the finding of 2 Hepatocellular carcinoma (HCC) nodules localized to segment II and segment V. The diagnosis was made based on the typical hallmarks of HCC shown on multiphasic CT. His past medical history was unknown due to the presence of language barriers. Laboratory tests showed a slightly increased alpha-fetoprotein (10 IU/mL) and a reduced platelet count (131.0000/mmc), the remaining parameters of liver function were in the reference range. The Child-Pugh class of disease was A5.
Case report
The multidisciplinary team decision was to perform a transarterial chemoembolization (TACE) while waiting for liver transplantation.
A preprocedural contrast-enhanced CT examination was performed by a 64-slice CT scanner (Lightspeed; General Electric Healthcare, Waukesha, WI). The protocol included a noncontrast CT scan, with 5 mm of thickness, and dynamic acquisition at 30, 70 and 180 seconds after administration of iodine contrast medium (Iomeprolo 350 mgI/mL; volume: 90 mL; flow rate: 3 mL/s), slice thickness: 2.5 mm.
Upon review of the images, an anatomical anomaly of the celiac circulation was detected with origin of the RIPA, the splenic artery, 2 hepatic arteries for the right hepatic segments, left gastric artery from which the left HA originated, and the gastroduodenal artery directly from the celiac trunk.
The RIPA, with a diameter of 1.2 mm at its origin, arose from the anterior wall of the celiac trunk at the right of the mediosagittal plan at the level of upper edge of the L1 vertebral body ( Fig. 1 a) .
Four millimeters away from the RIPA, the first HA originated from the celiac trunk with a diameter of 2.1 mm at its origin, it developed anteriorly to the vena cava, heading toward the right hepatic lobe.
A second HA arose from the anterior wall of the celiac trunk, at the level of the upper one-third of the L1 vertebral body, 3.8 mm above the origin of the first one. It ran anteriorly to the portal vein and to the right liver lobe.
The left HA originated from left gastric artery, with a diameter of 2.3 mm at its origin, running upward to the left, superolaterally and after a trajectory of 37.6 mm, it split its branches to the left lobe.
Finally the gastroduodenal artery arose from the inferior wall of the celiac trunk (diameter at the origin of 3 mm and a length of 13 mm); it divided into 2 branches, the right gastroepiploic artery and the superior pancreaticoduodenal artery, supplying blood to the head of the pancreas, the proximal part of duodenum and the distal part of the stomach ( Figs. 1 and 2 ).
TACE was performed in the angiography suite. Under local anesthesia, the common femoral artery in the right groin was punctured. By Seldinger's technique, interventional radiologist placed an arterial sheath (Terumo 4 Fr) in the artery and inserts a catheter through the sheath. Then the catheter (Terumo C1 Fr) was manipulated, guided by a wire, through the abdominal aorta into the celiac trunk under imaging guidance. The preliminary arteriographic examination confirmed the vascular anomaly and the 2 areas of neoangiogenesis in the V and II liver segments. The right HA supplying the lesion of the V segment was selectively catheterized by using a 2.7 coaxial catheter (Progreat Boston Scientific) and TACE was performed. Subsequently, the artery supplying the lesion of the II segment was selectively catheterized, taking into account the position of the left gastric artery and chemoembolization was performed. Degradable Starch Microspheres (Embocept 50 micron) and doxorubicina (25 mg) were used in both sites.
The intraoperative and postoperative treatment showed optimal success in the absence of complications ( Figs. [3] [4] [5] .
The patient subsequently underwent a liver transplant.
Discussion
The celiac trunk is the first brunch of the abdominal aorta, typically originating at the level of T12/L1 vertebra and, in most cases, it presents 3 terminal branches: left gastric artery, that runs along the small gastric curvature; splenic artery, that presents a tortuous course along the posterosuperior margin of the pancreas up to the spleen; and common HA (CHA), which divides into a gastroduodenal artery for pancreas and duodenum vascularization and proper HA for hepatic vascularization. This condition was highlighted in the literature between 72.29% and 90.78% [6] [7] [8] .
Numerous anatomic variants of the celiac trunk and of hepatic arteries are described in literature and awareness of this is important; especially when planning endovascular or surgical intervention of the upper abdomen. In particular, their precise identification is crucial for the success of procedures such as orthotopic liver transplantation [9] [10] [11] and endovascular treatment of unresectable malignant liver tumors [2, [12] [13] [14] [15] . We presented a rare case of vascular anomalies of the celiac trunk. Our patient had an ambiguous celiac axis; since the CHA was absent and he had 2 hepatic arteries for the right lobe that originated directly from the celiac trunk. He also presented a type II variant according to the classification of Michels and Hiatt [4, 5] , with the left HA originating from the left gastric artery. In addition, this patient presented the gastroduodenal artery and the RIPA originating directly from the celiac axis. The 2 lesions localized to the V and II liver segments were respectively supplied by a HA to the right lobe and by the left HA originating from left gastric artery. Despite the anatomical variants present, chemoembolization was performed without complications thanks to a careful both preand intraprocedural evaluation of vascularization. In particular, it was possible to perform TACE of the lesion located to the II segment, avoiding involvement of the left gastric artery that could have caused ischemic suffering to the stomach. To our knowledge in literature, there are no other cases with all of these variants combined and in which TACE was performed without complications and with complete response to the treatment.
Song et al [11] retrospectively analyzed the CT and digital subtraction angiography of 5002 patients, finding a normal celiac axis in 89.1% of cases and 12 types of celiac axis variations in 9.64% of patients. In 1.26% of cases, the celiac axis was classified as ambiguous because the CHA was absent or persistent anastomotic channels were present. Sureka et al [3] in a study on 600 patients identified 6 types of celiac axis variations in 5.5% of cases and an ambiguous celiac axis in 3.5% of patients.
Natsis et al reported a case of a 74-year-old male cadaver which did not present a CHA with the gastroduodenal artery originating from celiac trunk, but in their case a proper HA, arosing from superior mesenteric artery, was present [16] .
Kimura et al [17] and Basile et al [18] showed that the most common origin of RIPA was from the abdominal aorta and the second most frequent origin was from the celiac trunk. For Loukas et al [19] and Aslaner et al [20] instead the most frequent origin type of RIPA was the celiac axis followed by the abdominal aorta.
It is important to evaluate the vascular anatomy of the inferior phrenic arteries, because in addition to the main vascularization of the diaphragm they could form collateral circulation. In particular, some studies have shown that RIPA is the most common collateral circulation supplying liver cancer [21, 22] . This can have important clinical implications, for example, in the planning of liver chemoembolization procedures, specifically for peripheral lesions.
Based on the anatomy of 200 cadaver livers, Michels described the 10 most common variants of arterial blood supply to the liver. The full classification with its frequency of occurrence is as follows: Type I (normal pattern)-81%; type II (a replaced LHA from the left gastric artery) 3%; type III (a replaced RHA from the superior mesenteric artery) 3.7%; type IV (replaced RHA and LHA) 0.8%; type V (an accessory LHA) 3.2%; type VI (an accessory RHA) 1.6%; type VII (accessory LHA and RHA) 0.2%; type VIII (a replaced LHA or RHA with the other HA being an accessory one) 0.35%; type IX (the hepatic trunk as a branch of the superior mesenteric artery) 1.2%, and type X (CHA branched from the left gastric artery) 0.04% [4] . This classification by Michels was later simplified into 6 variants by Hiatt et al in a study on 1000 liver [5] .
Hiatt classification is frequently applied when the analysis is performed using angiographic studies, since it is considered difficult to distinguish between angiographically ancillary substitute or vascular structures.
Based on Michels classification, the most frequent change according to the literature is the type III present in 6%-15.5% of cases. It is also the most important to identify as it can significantly influence the success of surgical procedures [23] .
The second most common is type II, reported in literature between 2.5% and 10%. Type IV is described with an incidence of 1% and 7.4%. The types VII, VIII, IX, and X are rarely described in literature [9] .
However, as anatomical variations may occur due to genetic aberrations in the embryonic period, no detailed classification can cover all types [2] .
According to Tandler et al [24] during embryogenesis 4 ventral branches arise from the abdominal aorta interconnected with each other by an anastomotic channel. Their persistent overgrowth or regression l determines the development of variations of the celiac axis and the superior mesenteric artery .
Koops et al [25] in their series revealed frequency of 4.6% of nonclassified presentations; meanwhile, Ugurel et al [26] showed frequency of 3% of these forms in their paper. It is believed that the existence of rare variants shows that the embryological development of the branches of the aorta can be influenced by many factors and is a complex process .
Conclusion
Knowledge of the vascular anatomy of the upper abdomen is significant for the daily practice for surgeons specializing in the hepatobilary and pancreatic area, and also for general surgeons and radiologists, mainly those involved in interventional radiology. Since anatomical variants of the celiac axis and hepatic arteries are common and various, an accurate description of vascularization is required before procedures to avoid iatrogenic vascular changes [2, [25] [26] [27] [28] [29] [30] .
Radiologists play a fundamental role in their identification; with advances in the imaging techniques employed in angiography, computed tomography, and magnetic resonance, in both data acquisition but also in image postprocessing on workstations, it is possible to obtain information that facilitates the planning of a procedure which can ultimately contribute to reducing the associated rates of morbidity and mortality [31] [32] [33] [34] .
Furthermore, our case demonstrates that it is feasible to perform successfully interventional endovascular treatment also in presence of vascular anatomical variants of the celiac axis with an accurate pretreatment evaluation of vascular anatomy.
